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^!^mtir^ m^m ^.t^h mm. 3 <d v ^-r^x i ri{cfE« 

2 75- blt*^ 3 CO V 1 iItcfE«t<;r)if^»{*:tfi1tig 

Bo 

[if*il7l SufETe (T^yu/u-) ^^^-r^M^iff*. ftjfE 
!7- mco±:;^{;:{iSt-'5::<h^1#m<t-r'5IS*iS2;)- 

e>if 3 (5C)i ^-rtv7b- 1 ^g(ciB«coo^^friEtiKS. 

[I«*r5 8l Sute^l^t>'||2(;o1Sm(OiE^c0 9^4-/j: 

So 

i5ccoiE^<h, 9ufE!7-- K«<!:BuffiiE^co^,«^jclSttbn 
SutE^ ^ y iryU^, 5^ -^^wi-g|5;&5f^> ^ y ir/t'COg^^:!^ 



K^.!r^^-r^«ScoiE^<h. fitjtE'7- K^<bMtE 
iE^oo^,^>(clStt bix/clSm^o 7« y ir /u^:^-r ^ 
f*:fEltiggiC:}3l^T. WIEp^ ^ y ir/i-fi, ^^-^^^fV^t^ 

[0 0 0 1 ] 

^ V>?'AT^iry5.;^^y (RAM) d^f^o 
[0 0 0 2] 

^(OW^t-. FLASH7«^y T-fc5;^^ ^^fi^^Cliaft;^-^ 

T-fo!9. ^^il^ffl;^^y ^ LT{Z. FLASHY DRAM 

\^fzM=^if^%'^X^\X\t. FLASH <bDRAM^ \^^yy'\\::^ 
tt-W^tfSim^i)-^ Xf^< . -^^XcO#?$i$:^^ 

y S:B^j^;t5::^.(c;i5-lri.^9,'^>--C\ ^co^^/^N^h 
\±m^Xi^^\.\ C 9 b;t7«^y CO 1 o<^ bT. 2001 
lEDM (International Electron Device Meet ing) jo 1/ ^ 
T. t@^<[:^?^IJfflL-fci;^^y (OUM:Ovonic Unified Mem 
ory) ;^UntelJ; f^S^^iX^Co iJfct^lC CO;^ ^ y CQtft^^i^ 

Kti/^9m^^tEtiy-K<b bT 
fflv^^o ;?7/P=i>5r'-t--f K^lDVD^CDco^^^^:icffl^/^b;t^T 
V^^W^f-T'fei!) . tiT^-^^V (Sb) h'rfVfV 

(Te) ^^if G e - S b - T e g - I n - S b - 

T e^/^<l:A^^(Of-^S-'efc5o 7< ^ y iryUf^. 

m^V^:^'y:^^ ttif\^^^-r^ K;5-b1#/*^4xT*5 
!9, ^PDRAMir/U<i:*^f]abT:fc*9 . =^ v-t^ ^;^7/Un 

-C\ ^coffi}7Cfit;5U-o- 1 0 0 0 of^Sfim^cf'So 

;^ ^ y bT?4 g ^fct>'TV^5MRAM (Magnetic RMO CO 

< , X — :^co-tr>v'V>/75iSB-e^'5o 
;?7yu=i/r-t->f K(DS^ R^B^^ffi?:^ x. 5 ^^::fimmS:P^:fiD-r 
^ :i <!: J: «9 ^^^-^ -/uSft^3pjffli-5, T^ji^y 
r >'^\\L-t^m\^\^. K^6 0 O'CSSt^AD 

^big^^it. ^^-r-So SSp^efbx^l^icfi. 4 0 0"C 

^m(0\^mX5 O n s e c ^S^l^i^-S, t^oT, 
■^(om^)h^^z\±m 2 icini-J: 9 ^^-^^^ t 

i::^j:6o Scm bcoi^tciz. ^— K^^:^^^^{z b. 
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mm (" 0" 1" ) ^mm-i-^o 

[0 0 0 3] 
[0004] 

um^a:ibc7:)fcii^)<7)mi (^is^ (7) . z^commtmn. 

VUn (2) . -tcoitc^ 

tiA^^r>'Sr^mbf50fc<^com2(7)iE?S (8) . 

h^lll3tc^-ro ir/Ha^ft (8 0 3) 1 17- K«S (4 
0 3) ^^M^hi:'^y^2FX-mW:^tl^<DX\ 

[0 0 0 5] 

i^m(Dmm(DMm] (mmmi) ^mmmx\^. mi 
fcmimm (?) Ru^m2mm (s) ^n^^n 

co_htw. ja4i::.T^-rj: ^Feijfi^i^ (9) ^mmi^ 

0. 2 ^ ^ n >'(7)|| 1 coir/l-ia;^ (701) /^jZZIh] 

x>'^fcil^W9 0 T i 1 0/^^*C0^>-^><.7^V>&^$:ffl 

V^fCo ^fra> '^5^ ^^^^^-T^^^-^^cflWg 0 T i 10/^<ir'cO 

H^v-yr^vj^^ ^^B^v-y =^>'^#Mfc'5v^^i>'y1^-r 

K^<7)a®^T't>*»^/<^l^o ^bid. gPB^^Jt^ (9 0 

1) 4- 1 0 OnmltSb. ^^*1^<h Ury >-^lE 2 0/ 

cm2g^coi^ig«(c^ti'7t?y '>y (10) 
/Hd^ (7 0 1) (tilJR h7^^i/^'3^;)5m^&^lc^^^ 

[0 0 0 6] Wmh^:^i^:^-9^mm.ir^. 

'3^<7)a:^S^/^57p^/|^^ y ^-^lE 2 O/c m2 
aScoi^Sfti:: K-:/UfcN+^ (5 0 2) . ^-v^^/ua 



^X^tsf^¥mm (6 0 2) . H(ct£t!i:g^/^:5:?F«3B4*? 
^ Ury VSrlE 2 O/cmSg^coiSitSJc K-:7'b 
/cN+^ (5 0 3) , i:mmirho z.ixh^^V'yi^i^y^^ 
Ut^a^o C;iT\ ^mSo^Wim (5 0 2J&t>'5 0 3) 
^-^^./i^gp (6 0 2) -^(O. ^^^(O^^^n 

(6 0 2) tm^LM (5 0 2&l>'5 0 3) </)Fe1tCi*A>T- 

hm^i'Si\^\ mmmt uxfi. '>y =i>^^>ft:^j^v.y n 

^h\Z. mzm'rmmmW-mt:Lm. (CMP : ChemicalMec 
hanical Polishing) (O::^ V ^ ^<B:t . i^V^l^^ 

^tm (11) ^1 o6nm±iSi-5o ^(DS^a^. me 

-<-;^:yt{::^jax-r^o (9 0 2) 

(5 0 3) ^mm^'^^o ^(Dm<D:\km^m7{Z7jk 

-To 

[0 0 0 7] i*:tcKJ?5 O nm<D;&yU=«>5^^^-r K#;|^ 
(2 0 2) tm2<D±/i^^m (8 0 2) ir/jT-S^l^lO 

0 n m<D^ y ^^^fzl-XW 9 OT i 1 0:^j:t^(D^l^ 
i^-^y'>'^^. RV^m^ 10 0 nmcomitm (9 0 3) 

^mm-r^o z<Df^.. :fy/u=i>^'r'^ vum (202) <d 
^^a^Bxy^i^^ (5 0 3) ^<Dtfi:m^m±-r^s6^x\ 

^^0^0'>y i^^V (5 0 3) irCOFpTtwT i A 1 N^O^^ 

^ao^^bl^-^g^jLl^^co/^y rfli^. W8 o T i 2 0 

ic. mzm^fj^L-f-mi(oMm (tod tmm.:^i^iz^ 

0. 2^1:^ n ^e^y^co^^ > K;^-<— ^i^tcjfjax 

-r^o 1^. ^mmm\z:}s\^^x\t. ^2coir/na^ (80 

2) mcomm^i^m-r^n^x. mmmmit^rf^ 

[0 0 0 8] mz^ mvih'7'^i>^'^co^—vm(om^ 

^rfOo m<i:^2CQgE^ (8 0 2) t(om 

^^m<n^x\ m9\z^^Txo\z^ mms o nmcom 
mmtm 004) i:jfmir^, z.(DJim\zxv. 

K (2 0 2) m2(DEm (8 0 2) tmm 

mitm (9 0 4) ^lc:j:«9. ^^{cS:bn'5o 
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mitmx-mi:>rirzm2<Dmm (so 2) sr-^j^^tc @ 

^^ya±:^Xh^-mmti^:iX^V^- hmith'^n&Xh 

>^7^>^^fcfiW9 OT i 1 Ofj:^(D^>^:^y'l^^^ 

(12) *ita/^±aiLL. m 1 1 (DJ; 
J£fi^(ltCiol>TJi, ^>^^^^7^>^/c:^iW9 0 T i 10/.^ 

^A/fc^>'i/>^'r>^^fc(iW9 OT i 1 0 ?S ^'<7)-5^ 

(cJ:i9. ^ v^;:^7^v:^yh{lW9 OT i i 0f^h:(O^iy 
^;^7^>'g'^^, m2<D±/uEm (8 0 2) i:S@::^r^ 

(4 0 2) ADX<7)^, m<^tt5Nf^¥S^t:LfcMm<!r b 

-c. ^^y^^^v^m\^m2(D±jumm (so 2) c^*^ 
<h ^ ^y-T^^-ft:^ (9 0 3) ^hio-^tzm^t^jiho 

Smffi (4 0 2) /(^^^-^-^^yUgP^MfflfJ/J^^fi^^Cl/L/^c: 

^^^^SOI (Silicon On Insulator) tl^Xthifl^. 

[0 0 0 9] (mmm2) mMmi\z:i6\^^x\^. mi(D 

nm (7 0 1) ^u-vm (402) sfc^^'^gii-^isit 

<!:bfc;iis. *^JS0iJtir co^ 1 cDid^ (7 0 2) ^5>Bt 
5o *^:^^J(7:)#^. ^icoifiM (7 0 2) cofl;ffi;i5^ 

[0 0 101 immms) ^ssfi^ijitcjov^xfi, mico 
id^ (7 0 1) tm2mm (so 2) ;^^5sv^^c:s:3:^-r 

^c^w <i:li!^b7)^T'fc5o >^y ir/KOltit^lgli 4ic^ 

^1 <l:ll2co7<^y ir/HE^^-^r t b. ::co-<r^i: 
[0 0 1 1 1 (mmm4) mmmi--3\z:i6\^^xit. 



C <t: <h b/Co *lliSfi?iJ{ciottap<^y iryuu-rr h 

U^mi^'Yhfz.^\z^ (A-A) ^^:^r^ (B- 

B) tX^j^WM.o:>\^v=^i)^^f^r>X\^ho Illl5fc*5 
l^Tti. */hJDXT|-ffi&F<b bfcPtiw. ^-yj^ (A- 
A) fiS/ht^^/^T-fe^ 2 F. if:^r^ (B-B) J^3F 

[ 0 0 1 2 J HI 5 {C^i-X^i^ -m^^A 1 <ir 
^^^«i|^^rSS^iC K-:/b/c:N+® (5 0 4) . ^^^^ 

f^^hifih^mw^mmm (6 03) , ^\z^wmtf^ 

mm (5 0 5) . ^tSSb. r^-zL-xS^iiJ: 19^0% 
jkb/Lo i^ctc. il^cQ K7'Y^^y5">'^^x^icj: El 
1 etc^-TJ: 9JC7«^y-ir/uSi::5J^gtb. Mtc. lOn 
ra60>/-h®?jk^SrCVD}£tc:j:t9i««bfCo 
^. hg^^t^ff^^ttiia^fkx^-c^tif^/^i^ ^(7) 

\-yh (A-A) ^t>' (B-B) ;^r^co^ffiD^^H^'n 

S^^^<OT% gBS^e^};i. (A-A) :^f^T-f»JS!7 

- KS1^;0'^o/^;6^«9 . (B-B) ')i^X\X9^m\.fzM'& 

\zf^h, i^-m^rnxz^^^xs-t. ^'^m.^m\zv-Yu^ 

^hSrSlPb, TifficD^^Sa^BV^y :=i:/^i|[ii$itT, lif 

ffiigt^mi 9 6oj:9j:i^^^o ««»/^r. mitm^s 0 nm 
mzM^\rif<(o]^^xhho tfj\^^^'r^Y<Dmm^.^ 

^-r^ Y(0\^S,^A:.^^-^hfz.Mz\±. tiJi^^^^^ Y 

Ymmmm'ti&M'rhzt^mm^x^ho z 0 bfcs 

[0 0 13] ^V>r. ;t;yur3/r-:h>Y YWPt (2 0 3) ^ 
t/. M2<D±/i-Mm (8 0 3) tf^h^^^'if:^T>^fz. 
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tiW9 0Ti 1 O/^ifc^^ V^;^x>'-g^^S:it®L. El 
80Ti20 fj:H(D^mmmm. fc-SVMi^tiboa 

2(DMm. (8 0 3) t^^mmtfsiK^ . mimim (ro 

(8 0 3) ^ilLT. 9)}W^mzmt>^^tf)-~^m\Ztj: 

5o -^Ac. LTIt. m2mm (8 0 

3) ^-t^1S<b-r^^<ir{cj: i9 . m^i^'^^^-T^ <t v ^ 3 
?^^;ii^fc^o t^^'^A.. ^2<?)K^ (8 0 3) ^r^^Bii" 

OT i 1 0/^<!f(7:»^>-^^^x>"^#^il^c7) K^-f 

[3 2 2 CO J: 9 ic/^^, smiw, '^^w^j:^m^mEm^m 

[0 0 14] (^:^M5) ^JEM4tcioV^r. ilJ^H^ 
rHf^. **£fi?iJl-3tc:a?-<Ac1filgJ:i>ftbTt)iSfflnTHg 

^FB^Jfi^^ (9 0 2) ^itSb, CMPiCj:^)ipia 

itv. Tm<Di^v =^>^mtm^miti^itxm2 3(oxo 

•9ffii|M®g^t:M (9 0 7) SrJi^^L. EI 2 4 J: 9 Jc/^ 

«-?S5o mmti:Bmzm\^fzunt\.xy/i"^=^^j^:t 

VWrn (2 0 4) ^t>\ m 2 co-tryugd^ (8 0 4) 
i:^^5^>^;^7'>-:^fci{iW9 OT i 1 otsitico^ 
^T^V-^^, ^?>«Cf±StJ^®?fl::^ (9 0 8) ^WmV 

X. m2 5(Dx,o\zti^, tfjuz^y-r^ yunmmmz 
T i A I N^(Dmi^^m(Dmt^'^mt^^(Dy< y 

W8 OT i 2 Oi^co^JRiSm^, fo-SlMlCtib 



izt^^w^jimcDifLm^nM-r^B^x. m^\t. ito 

[00 15] (^i£fi?ij6) Z.H^X(DmMm\Z^\i^X 

v-y ^^vtcj: •9ff^^L/c;0^. MS. y ::i >-S;t£4^{cff^ 

*^^fe0'J^CjoV^Tfi. 3ib°^:3e>--v/u^B:b/c>-y 

-r^o pM#^(*:a«^ffll:bT. Tv^^^v (Sb) 
^ 1 E 2 0/cm2(7) K^-XST-fTibiZ.^, 
■Y/^f^M^^^. M^. T>'^^>'C0R:b^9 t y (A 

s) -^y V (p) ^ffli^^^<h t>-sTtg-efo^, -COS* 
0 2 etCTj^-Tct 9?ii^SSNM^^4^^ (15) 

(15) fi^^ Vv>*;^^<7)ffit5rg^/^>5o ^^^T. 
1 E 2 0/c m2(7) K— X»-CiiAU. T^—/U 

9 iocotetfi:^ir/i^o ^h\z^ rnxm-rmmm^mit 

(CMP : Chemical Mechanical Polishing) (O:^ h 
^<mtl.X. >^V=^>'mtm (1102) ^100nm±i® 
LT. m2 7<DXo\zfj:^, 2 S {ZTjk-t X o \Z ^ 

il^cD K^-f •:ii^y^>'^^y^n-t:x(;i J: 19 ^ 0 . 2 u 

m.mu.mm (15) -^xm^. ttt^tc^^sf-r^o c<^x 
Sfi^ffiCTi tc:fctt5ia6 ^[^<tTfc^o m 

mmmm (9 0 9) -^it^b. CMPt-J:»9¥±0^l::. $ 

h{zMj:mizm\^^fz.i^v ^^-mtm (1102) srstu 
br(g2 9(7)j: oiN-c. '^])=i>'mtm (1 

10 2) Srl^*b. T«fi(/)^^4^ffiSfi:g (15 0 1) 

/un^r-^^ \^^(Dmmm^i&m-t^f^Mz^ mtm^s 
^y^^rft^:\^\ immm^tm (910) ^?f^^l. eiso 

^t^i/c^-^o ^VNT. io/i^^^-r^ vm-Pc (2 0 5) 
m2(D±yumm (8 0 5) <!:;:^'5^>^^;^^>-^ 
/cf^W9 OT i 1 0/^<!f<7)^>^;^7">'>g^^, ^btcii: 

^ft:^ (9 11) ^mmi^x. ms i<DXo\zfj:^^ 
[0 0 16] tfjuzn^'±4 \'^unmmmzT i a 1 
<omW'^m(Dmit^^mit^m<oy<v rm^^. W8 0 t 

:fy/Uznyi-^ V(D^^J^m^^K.^(D\Z'^^W^j:m(D 

S2:SSc^jJfl©J-r^g6^r% 0ij;t{l\ I TO(-r >-v^'?Air 
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tmm.:fj\^iz^ mitm o i d . m2(D±juM^ (s 
0 5) . h^un (2 0 5) . (Dmmm^y' 

Mm (8 0 5) tmzjfm'r^'y-vmt(Dm.m^p5<' 

j:«9. mmmwiM 012) ^jf^^^^o m\ix. 

xfin^y^^-^^^icj: fr? . Tite<7?;f)j364^te»g (15 0 1) 
i^t^°^^v/'\'yi'^fta5> (16) ^-e^^{^5>^b. 

(15) (Dii^'T-AaxSrih^6. ^3 2(DJ: 
j^, HI 3 2 2 <Oir/uBa^ (8 0 5) JcS 

i7)-biai 2t:i^'rM3txg^sr. Sfijc^g^jsia 

10 0 17] ^/c;*:^PJlcjoi^Tfl. ^^t::. IgI3 3(:: 

yi-E^ (8 0 6) {zWii^J:. y-:^m}iZW^'r^m l <o 
ir/U51JR^ (7 0 4) ?3-lx. 7< ^ y ir/i-F^(/)alS^ 

(/c<^^fi*DL 1) {c^tiS;i-;5y-;^^ (fc^;t(±* 
sLi) fctt^y— (fc^;tfi*o. 5v) tciztb 

1. 5v) {cmm-r^o ^(dtz.^^ m^u—v itztK, 

ti^WLl) tm^y'-^m (fc<ir;tfl*DL 1) <7)^,«^,co 
ir/UMC 1 1 tw<7)^mgESSS^ff^J5S:b. SJ^x-^^J:: 

[0 0 18] 



[1113 1 3ii60iji OTp<^-y •fe/uwr-j^ 

[US] *^B^<^)^^flrf5tg^e<!0 1 MjtX;e(CtJtt-5 
[Del Wi}£^3g($:fEit^g(Z) 1 MigXSfC tJtt -5 

[H 7 ] *^Bj(Oi}i««cfstii^ttro 1 ssjgxsjctsft 5 

[HI 8 1 ^^^BJ(04^^fr|Eigi£«w 1 Mitxetciolt-S 
[m 9 ] *^BJ«^^f*:fEti^«W 1 M)tXimt'*3»t ■& 

[Ell 0 1 ^^m<o^m^wtm.mm.(r) i iKitxsiiiioJt 
[la 1 1 ] :^%m(o^mv^^^mm.<D i $sitxsfc*5Jt 
[la 1 2 ] :^%mn^m'W-ummm.<n i ssigxeicjstt 
(mis] :^^m(D^mw^m.mm.iD i Mitxatviiott 

[El 1 4 ] *^B^ro^«fls:fi2tig«co 1 Magxm(;;*3tt 
•5.iiBlEElo 

[mi 5 J msfi>ii4W;^^!;-fe/'un'r!? Ko 

[El 1 6 ] *^?Bwi|£^i$:sgtgagg(^ 1 SJitX^fCfctt 
■SABltElo 

[El 1 7 J J^^BJroiit^flsiEtiSSHco 1 SljtXgfcJott 

[His] *l«B^<oilt^($:|EltSB<0 1 ®3gXgtc*j(t 
SiTffiElo 

[El 1 9 1 :*^BJC0i|i*f$:fE1ig|§«<O 1 MJtXStCiJft 
SllfffiElo 

[El 2 O ] *^B^Wi|ia|^KtiS«<^ 1 MatXS{c*3»t 
SWEEl, • ' 

[El 2 1 J ^?tm<n^m^m'^mm.n i Mitxigtcfc^t 

^SfffiEl, 

[El 2 2 ] :^^m(D^m-^w&^m.(o i Mstx^ictsft 

SfrffiElo 

[la 2 3 1 :^^mn^mw^m.mm.<n i S8itx^{c*jtt 

5^ffiEl„ 

[El 2 4 ] ^mn(oi3(^mw-u'^mm.<r> i Mitxs{^*3tt 

5»rEElo 

[El 2 5 ] ^«B^05i|iaf {$:f2tgsaw 1 SitXg»c*J»t 

SWffiElo 

(El 2 6 ] ^^mn^MW-ummmn 1 ffiSigxmfr*3»t 
•awfSEio 

(E12 7 1 *^ig(Oi|s^^^iElS3gBWliajgX^l3*3»t 

5»fffiEl„ 

[El 2 8 1 *^B^co#j9($:tEtiy§@0 l ffi{jtxm{;i*5tt 
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im2 9] ^mm<D^mmmmm<o i ssigxst^^fctt 

-To 

1, 1 0 1 -ilS^ h^>v^;^^. 2. 2 0 1, 2 0 2, 
2 0 3, 2 0 4, 2 0 5. 2 0 6 -m^itUn y^=' 



K) . 3-Sta:(*: (fc:-^-) , 4. 4 0 1. 4 
0 2. 4 0 3, 4 0 4-C7— Km®. 5, 5 0 1. 5 0 
2, 503. 504. 505. 5 0 6 -^^4^^^^. 
6. 6 0 1, 6 0 2, 6 0 3. 6 04. 6 0 5. 6 0 6 
-"^^^-^/l^U. 7. 701. 702, 703. 704 
-^liryuid^. 8. 801. 802, 803, 80 

4. 8 0 5. 8 0 6 -M2iryui2^. 9. 9 0 1, 9 0 
2, 9 0 3. 9 0 4. 9 0 5. 9 0 6, 9 0 7, 9 0 
8, 909, 910, 911, 912-Si m^tm. 1 

o--7"7V'mm. 11. 1 1 0 1 -i^v =^>Mitm. i 

2 v^^T^^-^fcfiwg OT i 1 oy-j:t^(D^>'i:f:^ 
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